Estimating the micro-founded New Keynesian Phillips Curve using rational inflation expectation proxies has often found that the output gap is not a valid measure of inflation pressure. This paper investigates the empirical success of the NKPC in explaining US inflation, using observed measures of inflation expectations and taking account of serial correlation in the stylized NKPC. Contrary to recent results indicating no role for the GDP gap, we find it to be a statistically significant driving variable for inflation while labor income share is generally insignificant. The paper also develops an extended model in which serial correlation is absent and the output gap remains a valid inflation driving force. In most of our estimations, however, lagged inflation dominates the role of inflation expectations, casting doubt on the extent to which price setting is forward-looking over the period 1968 to 2005. From an econometric perspective, the paper uses GMM estimation to account for endogeneity while also addressing concerns raised in recent studies about weak instrumental variables used in estimating NKPC models.
Introduction
Based on the seminal work of Taylor (1980) , Rotemberg (1982) and Calvo (1983) , theoretical implications of short-run inflation dynamics for monetary policy analysis are recently studied through the so-called (hybrid) New Keynesian Phillips Curve (NKPC), which expresses current inflation as a function of expected future inflation, lagged inflation, and a measure of marginal cost. To date, the literature has achieved a broad consensus that implications of the NKPC for the conduct of monetary policy differ substantially from the traditional Phillips curve relationship; see Goodfriend and King (1997) , Rotemberg and Woodford (1997) , Nelson (1998) , Ball (1999) , Gali and Gertler (1999) , Levin et al. (1999) , McCallum (1999) , Svensson (1999) , Rudebusch (2002) , and a comprehensive survey by Woodford (2003) .
Nevertheless, the empirical validity of the NKPC has been mixed when the model is confronted with realized data 1 . In particular, Gali and Gertler (1999) argue that the empirical success of the NKPC is contingent on the labor income share, rather than the more common output gap, being utilized in the regression. Despite similar arguments in Gali et al. (2001; , GDP gap measures remain prevalent in both theoretical and empirical monetary policy analysis frameworks 2 . Further, the finding in Gali and Gertler (1999) is challenged by some recent research, as discussed in the next section, so that little consensus has been achieved.
In order to work in a single framework, some authors, including Gali and Gertler (1999) , employ realized future inflation data to proxy (rational) inflation expectations, with instrumental variables (IV) methods accounting for the resulting endogeneity.
However, in addition to the weak IV concern raised in Mavroeidis (2004) , this practice also induces a measurement error whose volatility may distort inference for the NKPC, as indicated in Sun and Phillips (2004) and discussed in Zhang et al. (2006) .
It may be preferable to use observed inflation survey data rather than realized future values to measure unobserved inflation expectations, because the former may mimic more realistically and more accurately peoples' responses to economic performance and hence Fuhrer and Moore (1995a; 1995b) , Judd and Rudebusch (1998) , Clarida et al. (1999; 2000) , Boivin and Giannoni (2002) , Rudebusch (2002) , Estrella and Fuhrer (2003) , and Ireland (2004) , to name a few.
are better measures of expectations than realized future inflation; see Roberts (1995) . In addition, recent studies present evidence in favor of using such forecasts as measures of inflation expectations in models of monetary policy analysis; see Croushore (1993) .
Further, Roberts (1998) shows that expectations based on observed survey data match more closely the empirical costs of reducing inflation in the transmission of monetary policy. Most importantly, however, inflation survey data are directly observable and hence reduce the potential role of measurement error in estimation of the NKPC.
Another important, yet often overlooked, issue is the possible serial correlation in the stylized NKPC. Much of the literature adopts the common approach of employing lags of inflation (and other variables) as instruments when estimating the NKPC. However, the presence of serial correlation in the dynamic NKPC model would invalidate lagged values of inflation as legitimate IV, rendering the resulting estimates not only biased but also inconsistent.
In this paper, therefore, we employ directly observed inflation forecasts as measures of inflation expectations and carefully characterize serial correlation. We find that commonly used output gap measures, rather than labor share, remain significant as indicators of inflation pressure in the NKPC. Further, empirical results also imply that the stylized specification with a single lag of inflation is insufficient to capture inflation dynamics and extra lags of inflation are statistically significant in accounting for current inflation. However, the addition of lags to account for this serial correlation leads to the conclusion that inflation dynamics appear more concerned with backward-looking behavior than forward-looking price-setting over . This baseline finding is robust to the use of a variety of inflation survey data measures and different detrending methods in computing the real output gap.
The paper is organized as follows. Relevant literature is discussed in Section 2, with Section 3 describing the data used in the empirical analysis. Section 4 presents estimates for the stylized NKPC model, with the extension to richer inflation dynamics explored in Section 5. Section 6 discusses the implications of the empirical findings and concludes the paper.
Literature Review
Recent studies of Gali and Gertler (1999) , including Gali et al. (2001) , as well as those of Woodford (2001) , Sbordone (2002) , Linde (2005) , Rudd and Whelan (2005b) , and many others, have provoked a fierce debate as to the empirical success of the NKPC in relation to its theoretical underpinnings. Based on the standard pricing contracts models of Taylor (1980) , Rotemberg (1982), and Calvo (1983) , the NKPC can be expressed as
where t π is the rate of inflation, 1 t t E π + is expected inflation for period t+1 given information available up to period t, 1 t π − denotes lagged inflation which captures empirically observed inflation persistence, and y t is an appropriate measure of the marginal cost of firms in the economy. Note that, under this setup, all variables are assumed to be expressed as percentage deviations from their respective steady states. Gali and Gertler (1999) argue that the labor income share, rather than the output gap, is the appropriate measure of marginal cost in (1). Further, their results suggest that forward-looking behavior is far more important than the backward-looking element. This finding has subsequently been challenged from different perspectives. For instance, Rudd and Whelan (2005a) estimate a reduced form VAR model incorporating the NKPC and find that the labor share is not a valid inflation driving force. Neiss and Nelson (2005) also suggest that the output-gap-based NKPC explains inflation dynamics better than the one advocated by Gali and Gertler (1999) , but based on a special GDP gap measure constructed in line with dynamic general equilibrium models. Linde (2005) is able to obtain a positive and significant estimate of the coefficient of the GDP gap (computed as quadratically detrended log real GDP) using a Full Information Maximum Likelihood (FIML) approach. However, in addition to relying on the relatively strong normality assumption, FIML estimation is sensitive to the specification of the structural equations in the system. For instance, using a similar framework to Linde (i.e. the NKPC in conjunction with an IS equation and a monetary policy reaction function), Roberts (2005) has difficulty in finding a significant estimate on the GDP gap. This discrepancy is, perhaps, unsurprising given the uncertainty surrounding specification and estimation of the Euler equation and the monetary policy reaction function: see Rudebusch (2002) , Fuhrer and Rudebusch (2004) , Orphanides (2001 Orphanides ( , 2003 Orphanides ( , 2004 , and Jondeau et al. (2004) .
Focusing on the statistical significance of the forward-looking and backward-looking components in the NKPC, Rudd and Whelan (2005b) find that, irrespective of the specific measure of marginal costs, forward-looking behavior plays a very small role in U.S. inflation dynamics. They ascribe the small role for lagged inflation obtained by Gali and Gertler (1999) to omission of variables that may influence inflation which, in conjunction with the use of instrumental variables correlated with future inflation, leads to inconsistent parameter estimates with an upward bias on the expected inflation coefficient.
It is worth noting that in estimating their alternative NKPC formulation, Rudd and Whelan (2005b) also employ a large number of instrumental variables (IV), which may induce the over-instrumenting problem elaborated in Mavroeidis (2004) . Indeed, Rudd and Whelan (2005b) carefully note that their estimations yield an unintuitive (negative) coefficient on the output gap. Nonetheless, the main point in Rudd and Whelan (2005b) is that forward-looking behavior is not supported by the U.S. data.
The role of different econometric estimation methodologies for the success of the NKPC has also been a focus of recent literature, including Mavroeidis (2005 ), Sbordone (2005 , and Whelan (2005c, 2006) .
Despite this interest in the estimation of the NKPC, the use of observed inflation forecasts as a measure of the inflation expectation 1 t t E π + , at least for quarterly models, has been under-investigated. A common approach in the literature is to use realized inflation at 1 t + , together with the rational expectation assumption that implies Rather than employ a rational expectations assumption, Adam and Padula (2003) employ quarterly GDP inflation forecasts from the Survey of Professional Forecasters (SPF) to estimate the NKPC by OLS, finding that both the output gap and labor income share are significant when used as measures for the inflation pressure variable. Table 1 reports OLS estimates of (1) using the SPF one-quarter-ahead GDP inflation forecasts over 1968Q4-2005Q4, using the approach of Adam and Padula (2003) . These baseline coefficient estimates seem to confirm the Adam and Padula's (2003) arguments. For example, the estimated coefficient on labor income share of the non-farm business sector is indeed positively and significantly driving GDP inflation (denoted GDPIPD in the table), albeit insignificant in a model for non-farm business sector price inflation (denoted NFBIPD).
However, the significant p-values for the diagnostic test of autocorrelation (the last column in Table 1 ) imply that the error term in the stylized NKPC is serially correlated and hence OLS estimates are inconsistent for this dynamic model, which casts doubt on the econometric validity of the results in Adam and Padula (2003) .
In a relatively early empirical version of the purely forward-looking NKPC, Roberts (1995) uses IV in conjunction with survey measures of inflation expectations and obtains plausible estimates on the GDP gap. More recently, Rudebusch (2002) obtains a significant output gap coefficient in a hybrid Phillips curve estimated with quarterly data and employing observed survey expectations. However, Gali and Gertler (1999) attribute the empirical success of the former to the annual and semi-annual data frequency employed and of the latter to the use of the "old" Phillips Curve, with the significant positive coefficient on the lagged (not contemporaneous) output gap.
To date, therefore, there is little consensus on whether the output gap (as commonly measured) plays a significant role in the NKPC. The focus of this paper, therefore, is the empirical validity of the NKPC for quarterly U.S. data when observed inflation forecasts are employed in conjunction with common measures of the output gap. The paper also addresses the important issue of serial correlation in the stylized specification and concerns of possible weak instruments in the GMM estimation, which lead to an extended form of the NKPC with additional dynamics.
The Data
The data used in our baseline empirical work (including Table 1 ) spans 1968Q4-2005Q4, dictated by the availability of the median quarterly GDP inflation forecasts from the Survey of Professional Forecasters (SPF1Q). As discussed by Croushore (1993) , these forecasts have proven to be valuable for monetary policy analysis and for measuring the response of expectations to changes in monetary policy. Further, since the forecasters surveyed are professionals, it can be anticipated that they will be well informed and their forecasts will influence decision-makers.
The top panel of Figure 1 plots realized future inflation using the growth rate of GDP implicit price deflator (denoted GDPIPD(t+1)) and the corresponding SPF1Q forecasts, both expressed at an annual rate. As anticipated, the forecast is less noisy than actual inflation at t+1. Further, the figure indicates that inflation forecasts tend to lag actual inflation, pointing to possible multicollinearity between lagged and expected inflation that might be anticipated in (1). Nevertheless, the comparison also indicates that actual future inflation and its one-step-ahead forecast have distinctive patterns, with the forecast error (actual less forecast) being negative for a substantial period during the 1980s and 1990s.
To assess the robustness of baseline findings, we also evaluate the empirical performance of the NKPC using other inflation expectations data, namely the one-year-ahead GDP inflation forecasts from the SPF (SPF1Y), the Greenbook quarterly forecasts for GDP inflation (Greenbook), and one-year-ahead general price inflation forecasts from the Michigan survey (Michigan), available over 1970Q1-2005Q4, 1968Q3-1999Q4 and 1960Q1-2005Q2, respectively. Also, because the NKPC model is often used in the macroeconometric models of monetary policy analysis, it is useful to check whether the baseline estimates are robust to the Greenbook inflation forecasts 3 . On the other hand, the Michigan survey aims to capture the views of the general public. Thererfore, these series represent different groups of agents with (presumably) different information sets.
To facilitate comparisons with the relevant literature, we consider inflation as measured by the growth rate of the GDP implicit price deflator (GDPIPD) and the implicit price deflator of non-farm business sector (NFBIPD), both of which are annualized and seasonally adjusted. Figure 2 plots these two measures of price inflation. It is evident that the general pattern of the two inflation series is similar: inflation is very high from the middle of the 1970s to the early 1980s, while remaining relatively low and steady during other periods. Nonetheless, NFBIPD appears more erratic and volatile.
To investigate the role of the output gap in the NKPC, we concentrate on the GDP gap computed using real potential output estimates by the U.S. Congressional Budget Office (CBOGAP) and the conventional Hodrick-Prescott filtered GDP gap (HPGAP), with measures by alternative detrending methods (described in the appendix) being used to assess sensitivity of our baseline findings. We also evaluate the validity of the labor income share advocated by Gali and Gertler (1999) as a real driving variable for inflation.
The alternative output gap measures and the labor income share are plotted in Figure 3 .
The Stylized Model
Since the empirical success of the stylized NKPC model (1) using the output gap as the real driving force is contentious, we start by estimating this model. Prior to empirical estimation, sub section 4.1 discusses relevant econometric issues, focusing particularly on the necessity for and the design of IV estimation. Section 4.3 then summarizes empirical results using a variety of observed inflation forecasts as measures of inflation expectations and different output gap measures. An important finding from the empirical analysis is the strong evidence of serial correlation in the stylized NKPC, which entails an extension for the inflation dynamics, a task taken in section 5.
Econometric Issues
The empirical version of the stylized NKPC can be written as
where t η is a disturbance term allowed to be nonspherical. Compared to (1), and in addition to the inclusion of the disturbance, an intercept is included in the model as the variables here are used in levels rather than as deviations from their steady state values.
To account for possible endogeneity of the regressors, we employ IV, or more generally a Generalized Method of Moments (GMM) estimator to estimate the NKPC.
Since GMM estimation underscores the validity of selected instrumental variables, we briefly discuss the IV set that we choose to estimate (2).
First, the current-period real variable y t may be correlated with the contemporaneous noise t η , since demand shocks may influence both variables. Although it is less obvious whether survey inflation expectations should be treated as endogenous, it may be noted that the SPF survey data are based on professionals' forecasts collected in the middle of the quarter, and hence may reflect some current period information. Therefore, it is desirable to employ appropriate instruments for both expected inflation and the current-period real variable in estimating the stylized NKPC model 4 . To this end, we assume lagged inflation expectations and lagged real variables are uncorrelated with current-period t η shocks, while correlated with their current-period observations, so that these lagged variables are employed as valid instruments.
Another important issue is whether 1 t π − should be instrumented. Although it is not conventional to do so, it should be noted that the lagged inflation variable on the right-hand side of (2) is correlated with the error term if t η is serially correlated.
Preliminary serial correlation tests treating 1 t π − as exogenous typically indicate the presence of serial correlation, so that we also instrument lagged inflation.
We use two lags of inflation expectations and the output gap as instruments. In addition, the baseline IV set includes two lags of the unemployment rate, which is supported by the well-known Okun's law. Furthermore, based on the seminal work of Bernanke and Blinder (1992) showing the importance of interest rates for monetary policy, we also include two lags of the short-term interest rate (3-month Treasury Bill rate) in the instruments. Of course, a constant term is included as an IV throughout the estimations.
The choice of instruments and the model specification are verified through several diagnostic tests. First, we use Hansen's (1982) J-test to verify overidentifying restrictions.
The possibility of disturbance serial correlation is checked using the IV serial correlation test proposed by Davidson and MacKinnon (1993) and Godfrey (1994) 5 . In the presence of serial correlation, we correct the estimated standard errors using the Bartlett kernel with Newey-West HAC covariance estimate (fixed bandwidth), while employ the Heteroskedasticity Consistent Covariance Matrix Estimator (HCCME) otherwise. Further, to guard against the weak IV concern raised in Mavroeidis (2004), we use the Cragg-Donald statistic (generalized F-statistic) developed by Stock and Yogo (2003) to test for weak IV.
Estimation Results of the Stylized Model
Based on the design described in the preceding subsection, Table 2 First, consider the coefficient estimates on the GDP gap, which are uniformly positive and statistically significant. Therefore, contrary to the findings of Gali and Gertler (1999) based on rational expectations and actual future inflation, Table 2 shows that conventional measures of the output gap play a significant role in the NKPC when inflation expectations are measured using the SPF median forecasts. The magnitude of the estimates ranges from 0.13 to 0.27, which has appropriate economic implications and interpretations in terms of the microeconomic structures described in Gali and Gertler (1999) and other relevant literature reviewed in Section 2 6 . Interestingly, for each inflation series, the coefficient estimate on HPGAP is slightly larger than that on CBOGAP.
Second, comparing the forward-looking and backward-looking inflation coefficients, backward-looking behavior dominates forward-looking one over the sample period 1968Q4 to 2005Q4. This finding is in broad agreement with Linde (2005) and Rudd and Whelan (2005b) . Nevertheless, future inflation is statistically significant at the conventional levels in all regressions with CBOGAP as the real driving variable. These findings are also robust to the convex restriction 1
5 This test is implemented by adding appropriate lagged residuals from the initial estimation to the regressors from the initial model and checking their joint significance by the Lagrange Multiplier (LM) principle. 6 See Roberts (1995, section 4) for an intuitive illustration about this issue. 7 The convex restriction implies that the subjective discount factor in the micro foundations of the NKPC is Several additional issues associated with the baseline model also merit discussion.
First, its goodness of fit improves when CBOGAP enters the regression. Second, p-values of the overidentifying restrictions tests are larger than 10 percent in all cases, supporting the validity of the moment conditions used in the IV estimations. Third, the IV serial correlation test indicates that the HAC-robust standard errors (as employed here) are
warranted. In addition, the weak IV test results suggest that the IV set can be regarded as strong (at the 5 percent level) in all regressions if the desired maximal bias of the IV estimator relative to OLS is specified to be 20 percent. Of course, a stronger IV set would be obtained if lags of inflation variable were allowed to enter the IV set. In that case, however, serial correlation is present, and hence invalidates the moment conditions in the GMM estimation 8 . We return to the issue of the dynamics and the IV set in section 5.
It should be emphasized that the principal findings remain unchanged when the IV set is altered, for example, using the same instruments as in Gali and Gertler (1999) with sample size restricted to end in 1997Q4. Consequently, our results are unlikely to be induced by our specific instrument choice or the extended sample.
The empirical performance of the stylized NKPC model using the Greenbook and SPF1Y/Michigan inflation forecasts are shown in Table 3 and 4, respectively.
The results in Table 3 are consistent with those of Table 2 : without exception, the estimates for the output gap are statistically significant and the magnitude ranges from 0.11 to 0.25. However, the effects of future expected inflation appears slightly more dominant in regressions of using CBOGAP as inflation pressure when the convex restriction on inflation coefficients is not imposed. Lastly, Hansen's J-test suggests that the instruments are valid. Nonetheless, the IV set is relevantly weak. Table 4 investigates the use of a longer inflation forecast horizon and the results again generally indicate that the baseline findings are robust, except that the output gap variable is not significant when non-farm business sector price inflation is used in conjunction with the Michigan data when the convex restriction is not imposed. This might reflect the fact that the Michigan survey data are more conformable with a broader one, which is often imposed in the literature. 8 Adam and Padula (2003) estimate the stylized NKPC by OLS, verifying its validity through an exogeneity test. However, it is unclear that their test takes account of serial correlation. As already noted, our finding of serial correlation invalidates the use of OLS due to the presence of the lagged dependent variable in (2).
price index than the non-farm business sector inflation. In most cases, however, the magnitude of the estimated output gap coefficients in Table 4 do not substantially differ from the corresponding estimates in Tables 2 and 3 . In addition, in most regressions of Table 4 , the estimated coefficients on lagged inflation are larger than those on inflation expectations, which is consistent with the baseline finding.
Finally, Table 5 reports results for the stylized NKPC using alternative measures of the GDP gap and the non-farm business sector labor income share, in conjunction with the SPF quarterly inflation forecasts as inflation expectations. It is evident that the alternative detrending methods for the output gap yield coefficients that are statistically significant in virtually all cases. However, the labor income share is statistically insignificant in all cases at conventional levels.
Taken as a whole, the baseline estimates of the stylized quarterly NKPC model are in accord with the underlying economic theory. However, in contrast to the results of Gali and Gertler (1999) and Gali et al. (2001; , the output gap remains a statistically significant driving force with correct sign for inflation in the NKPC model when directly observed inflation forecasts are used to capture expected future inflation. This finding is robust to a variety of detrending methods. However, unlike Adam and Padula (2003) , who use the SPF data but employ OLS, we find that labor income share appears not to be a driving force for price inflation. Nonetheless, as discussed above, the presence of serial correlation in the stylized model implies that the OLS estimator is not consistent.
In addition, backward-looking behavior is more important than forward-looking behavior in GDP inflation dynamics, but this does not always apply for non-farm business sector inflation dynamics. Nevertheless, intrinsic inflation inertia in either case should not be omitted from the NKPC, which is in line with Linde (2005) , Roberts (2005) , and Whelan (2005b, 2006) .
Virtually all regressions of the stylized NKPC model indicate the presence of serial correlation. Although we employ a baseline IV set which excludes lagged inflation, the implicit assumption in our construction is that the serially correlated error term is orthogonal to lagged values of interest rates and the real variable, which are used as instruments. This assumption might be relatively strong given the dynamic interaction among inflation, interest rates and the real variable. Therefore, the following section investigates an extended version of the NKPC in order to attenuate any concerns about the validity of lagged values of the relevant variables as instruments.
An Extended NKPC Model

Description
The presence of serial correlation indicates that the stylized specification (2) does not capture inflation dynamics observed in practice. Further, the theoretical model is more likely to be retrievable when it takes into account of realistic and practical issues; see Rudebusch (2002) and Orphanides (2004) . Therefore, this section extends the stylized NKPC by which we hope to mitigate the evident serial correlation that is potentially induced by insufficient inflation dynamics. To be specific, we assume an economic environment similar to that of Calvo (1983) , in which firms are assumed to be able to revise their prices in any given period with a fixed probability 1 θ − . Following Gali and
Gertler (1999), we assume both "forward-" and "backward-looking" firms co-exist with a proportion of (1 ω − ) and ω respectively. Gali and Gertler (1999) assume that the backward-looking firms adjust their price by one lag of inflation, viz. 
where B t p denotes the (log) price set by backward-looking firms, and * t p is the new price set in period t. Nonetheless, if we interpret one period as being reasonably short as in quarterly models, it may be more plausible that the backward-looking agents consider a weighted process of past inflation, instead of stylized one lag of inflation inertia, that is
where
Note that q is an optimal lag selection based on AIC and serial correlation tests in empirical estimations. Clearly, (4) is the same as (3) when lag order is one.
Combining this with the regular assumptions in Calvo's (1983) 
Since the one-year-ahead inflation forecasts (SPF1Y and Michigan) are available in addition to the quarterly forecasts, we can also evaluate an alternative formulation of the extended NKPC as
where 4 t t E π + refers to one-year-ahead inflation expectations. The form of the extended NKPC in (6) may be particular appealing as the optimal lag order is also often around one-year in length.
In addition to assessing the validity of the output gap measures in the extended NKPC, our interest also centres on the forward-and backward-looking coefficients. By construction, (1) α is the sum of the coefficients on lagged inflation in (6) or (7), and it is convenient to use this single parameter as a measure of the extent of backward-looking behavior. This is estimated by reparametrizing the inflation dynamics in (6) or (7) as
where ( It is of interest to consider the joint significance of the additional inflation lags, since much of the existing literature, including Gali and Gertler (1999) , suggests that these are statistically insignificant.
To estimate the extended model, we employ as IV set two lags of each of the real variable in the regression, inflation forecasts, unemployment rate, short-term interest rate, and M2 growth, which appears to be reasonably conservative and sufficient to explain the dynamics of the extended model. Of course, a constant and lagged inflation are included as their own instruments.
The IV estimator is consistent even if the inflation expectation and the contemporaneous real variable are orthogonal to the (serially uncorrelated) disturbance.
Nevertheless, we test this orthogonality through the Durbin-Wu-Hausman (denoted Hausman) specification test (HCCME-robust). In principle, the OLS estimator is more efficient than the IV estimator if the null hypothesis is true. However, as will be evident in the empirical results, the orthogonality of 1 t t E π + and t y with η t is rejected in most cases at conventional levels of significance, which entails the use of GMM. 
Estimation Results of the Extended Model
Based on the foregoing description, Table 6 reports results for the extended NKPC model using the four inflation forecasts measures of inflation expectations. Several notable points are summarized below.
First, the serial correlation test and the Akaike Information Criterion (AIC) suggest the use of four lags in regressions associated with the GDPIPD and five lags for regressions pertaining to the NFBIPD (allowing a maximum of eight lags). Looking across the column headed p-auto, it is evident that p-values of the IV serial correlation test are larger than 10 percent in most cases, indicating that the extension of the stylized model is generally free of serial correlation. Nonetheless, serial correlation appears to be significant in regressions using Michigan survey data in conjunction with the NFBIPD. One explanation is that the Michigan survey data may incorporate a broader information set than that of the non-farm business sector. It is reassuring that the null hypothesis of no serial correlation in the error term of the extended NKPC up to order four cannot be rejected in all regressions using the SPF survey data. In addition, the J-test and the Weak IV test suggest that the IV choice is generally legitimate and statistically strong.
The above findings also are robust to the use of Greenbook and Michigan inflation 9 It should be noted here that the Hausman test was not employed for the stylized model because the presence of serial correlation in the stylized NKPC (including the lagged the dependent variable as a regressor) requires GMM estimation.
forecasts when the GDP deflator inflation is considered. Nonetheless, the coefficient estimates on the output gap in regressions involving non-farm business sector price inflation are not always significant, which again might reflect the different coverage of these series.
Another interesting and important finding embedded in Table 6 is associated with the Hausman specification test (HCCME-robust). By construction, small p-values of the Hausman test imply significant rejection of the null hypothesis that the OLS is consistent in estimating the NKPC. Therefore, the significant p-values reported in the last column in Table 6 suggest that the OLS is inconsistent in most cases and, in particular, (at the 5 percent level) when SPF inflation forecasts are used. As noted above, the survey of professional forecasters is generally undertaken in the middle month of each quarter and hence may contain significant information correlated with the contemporaneous
As a final robustness check, we assess subsample estimates of the extended NKPC with subsamples chosen to be close to those used in Gali and Gertler (1999) . Empirical results reported in Table 7 suggest that the principle findings that the output gap measures are valid driving force and the extended NKPC is free of serial correlation are robust to the different sub samples 10 .
Discussion and Conclusions
This paper empirically investigates the New Keynesian Phillips Curve model using directly observed inflation forecasts as measures of inflation expectations. We establish that the commonly used GDP gap measures remain valid driving forces for inflation in the NKPC while the labor income share appears not to be a valid inflation pressure variable.
The empirical evidence here is in contrast to Gali and Gertler (1999) and Gali et al. (2001 Gali et al. ( , 2005 who argue that the NKPC fails when the GDP gap enters the regression. The imposition of the rational inflation expectations proxy by Gali and Gertler (1999) and the selection of instruments may account for the differences between results. In particular, our instrument choice allows for serial correlation to be present in the stylized NKPC and we employ observed inflation expectations.
The studies of Roberts (1998) and Adam and Padula (2003) consider the possible non-rationality of inflation forecasts in the NKPC context. Departures from rational expectations should, however, be adopted with extreme caution in that rational expectations has been one of the milestone assumptions of macroeconomics for decades (Roberts, 1998) and the NKPC has been developed from microeconomic foundations under rational expectations. In our view, the most appealing reason for using observed inflation forecasts to estimate the NKPC models is not the issue of (ir)rationality, but the econometric issue of avoiding an induced measurement error and hence deriving arguably more accurate estimates for the coefficients and standard errors of the parameters of interest.
Although our finding as to the relatively small role played by forward-looking behavior in the NKPC is broadly in agreement with Rudd and Whelan (2005b) , their results sometimes imply an unintuitive sign on the coefficient for either inflation expectations or the GDP gap. The current work, however, demonstrates that the NKPC is empirically coherent when the common output gap measures are used. Therefore, monetary policy models should not derive current inflation from expected inflation alone.
In this sense, the NKPC may still be a useful part of the toolkit in monetary policy analysis, which nonetheless indicates that the argument in Mavroeidis (2004; questioning the validity of the NKPC as a model of inflation dynamics may be too strong.
The current empirical study also suggests that extra lags in inflation dynamics are statistically significant. More importantly, extending lagged inflation dynamics in the stylized NKPC to about one-year-period takes account of serial correlation, without essentially changing the baseline results and entailing a substantive departure from leading economic theory developed in the important contribution by Gali and Gertler (1999) .
This appendix describes the data series used in the empirical work, including price indices, interest rates, money aggregate, real variables, and inflation forecasts. The data of inflation forecasts are collected from the website of the Federal Reserve Bank of Philadelphia and the website of Survey of Consumers of the University of Michigan. Most of the other data are collected from the website of the Federal Reserve Bank of St. Louis, which are published by the relevant U.S. economic departments. The sources of each series are listed below.
In addition, most raw data were transformed prior to empirical work. Monthly available data were transformed into quarterly frequency using the last month observation of the quarter before any further transformation. Real GDP data are used to construct the following five output gap measures: (1) 100 [ln(
where GDPPOT denote estimates of real potential GDP published by Congressional Budget Office; (2) a deterministic quadratically detrended log real GDP defined as
GDP a a t a t × − − − ; (3) a two-sided Hodrick-Prescott filtered log real GDP with penalty parameter 1,600 λ = (HPGAP2S); (4) an one-sided HP filtered log real GDP (HPGAP1S) as in Stock and Watson (1999b) with relative variances q=0.000625 (i.e. smoothness parameter of 1,600). (5) the Christiano-Fitzgerald full sample asymmetric band-pass (one-sided Band Pass) filtered log real GDP (CFGAP) based on Christiano and Fitzgerald (2003) ; (6) a segmented deterministic linearly detrended log real GDP (LDGAP); and (7) the Baxter and King (1999) band pass filtered log real GDP based on twelve quarters centered moving average (hence the twelve filtered values at beginning and end of the sample are missing). annualized first difference of the logarithm of the series; 4. transformed into quarterly data using end-of-quarter observations, then annualized first difference of the logarithm of the transformed data; 5. Hodrick-Prescott filtered; 6. first difference of levels.
Sources of the raw data:
Observed Inflation Forecasts Data Series
SPF Data
The SPF inflation forecasts data used in the baseline estimation is the quarterly median forecasts of the annualized GDP implicit price deflator inflation (before 1992, GNP price index) over the quarter following the survey data.
The SPF one-year-ahead inflation forecasts used in this chapter are published inflation forecasts for the chain-weighted GDP price index. These forecasts relate to average inflation over the four quarters beginning with the quarter following the survey date. Note that before 1992Q1, one-year-ahead GDP price inflation was GNP deflator inflation. Between 1992Q1 and 1995Q4, it was the GDP deflator and after 1995Q4 it is the chain-weighted GDP price index inflation. The SPF inflation forecasts data is collected from the website of the Federal Reserve Bank of Philadelphia at http://www.philadelphiafed.org/econ/spf/index.html.
Greenbook Data
The Greenbook quarterly forecasts of the GNP/GDP inflation (quarterly growth rate, annualized) are available from 1965Q4 to 1999Q4. These data are the projections of the research staff of the Board of Governors. Because the one-quarter-ahead forecasts before 1968Q3 contain missing values, we use the data spanning over 1968Q3-1999Q4. These survey data are closely related to the U.S. monetary policy committee, i.e. the Federal Open Market Committee (FOMC) and in turn monetary policy. The central bank releases the data with a five-year lag and hence the data only run through 1999 at the time of the writing. Currently the Greenbook data is maintained by the Federal Reserve Bank of Philadelphia and is collected from the website of the Philadelphia Fed at http://www.phil.frb.org/econ/forecast/greenbookdatasets.html.
Michigan Survey Data
The mean values of the general price inflation forecasts (one-year-ahead) were used in our empirical work. The data are available from 1960Q1-2005Q2 at the time of the writing. The data is available on the website of Survey of Consumers of the University of Michigan at http://www.sca.isr.umich.edu/. Notes: In the upper graph, NFB-LS, CBOGAP and HPGAP refer to the labor income share for the non-farm business sector, the output gap computed by using the potential real GDP estimates from the Congressional Budget Office, and the two-side HP filtered GDP gap (with penalty parameter 1,600). In the lower graph, QDGAP, LDGAP, CFGAP and HPGAP1S denote the output gap measures based on a quadratically detrending method, a segmented deterministic linearly detrending method, the Christiano-Fitzgerald full sample asymmetric band-pass filter, the Baxter and King (1999) band pass filter and one-sided HP filter (Kalman filter) respectively; see the Appendix.
Notes: Inflation expectations are measured by the SPF one-quarter-ahead GDP inflation forecasts over 1968Q4-2005Q4. The Bartlett kernel with Newey-West (fixed bandwidth) HAC-robust standard errors are reported in parentheses. HPGAP and CBOGAP refer to GDP gap measures based on the conventional HP filter (with penalty parameter 1600), potential real GDP estimates from Congressional Budget Office (CBO); NFB-LS denotes the non-farm business sector labour income share. p-auto refers to Breusch-Godfrey serial correlation test (up to 4 lags) for residuals computed using the LM test with finite sample adjustment (F-statistic). 
＊＊
, and ＊ denoting statistically significantly strong IV (5% significance level) when the desired maximal bias of the IV estimator relative to OLS is specified to be 5, 10, 20 and 30 percent respectively.
Notes: Inflation expectations are measured by the Greenbook quarterly GDP inflation projections over 1968Q3-1999Q4 prior to lag adjustment. IV choice is the same as that in Table 2 . 1968Q4-2005Q4) . IV set as in Table 2 . QDGAP, LDGAP, CFGAP and HPGAP1S denote output gap measures based on quadratic detrending, segmented deterministic linearly detrending, the Christiano-Fitzgerald full sample asymmetric band-pass filter, the Baxter and King (1999) band pass filter and one-sided HP filter (Kalman filter) respectively; see the Appendix. See footnotes to Table 2 relating to diagnostic tests. 
